Introduction
Examination of the difference between estimators of the population ρ for split-half reliability has been studied in the past (Charter, 1996 , Cronbach, 1951 , Feldt & Brennan, 1989 , Kelley, 1942 , Rulon, 1939 , Stanley, 1971 . To estimate the score reliability of a test split in half, the Spearman-Brown formula is the typical method used. Charter (1996) showed that: r = 2r xy / (1 + r xy )
where, r xy = the correlation between the two halves of a test. One major assumption with this formula is that the two halves of a test have equal variance parameters. Rulon (1939, attributed to Flanagan) proposed a split-half formula for use when the variance parameters where unequal. Charter (1996) showed that:
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where, SD x and SD y are the standard deviations for the two halves of the test. Cronbach (1951) , and more recently Charter (1996) , found that when the standard deviations of the two halves of a test are not equal, that is, the previously-noted major assumption guiding the Spearman-Brown formula is violated; its use will lead to an overestimation of the reliability coefficient.
Purpose
The purpose of this research is to elaborate upon the work of Cronbach (1951) and Charter (1996) and strengthen the evidence in the literature that indicates that in most instances when unequal standard deviations for two halves of a test are present, regardless of the correlation between the two halves, the Flanagan-Rulon formula is the better estimator of ρ in a splithalves reliability situation. Thus, this research will build upon Cronbach's work and show, via various graphs and a detailed table, the differences between the Spearman-Brown formula and the Flanagan-Rulon formula when the variance parameters for two halves of a test have the following ratios (either greater or lesser): 1.0, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, 2.0 and also have a correlation between the two halves of a test at 1. 00, .95, .90, .80, .70, .60, .50, .40, .30, .20, .10, .05 . As well, SPSS (Statistical Package for the Social Sciences) syntax is provided in the Appendix section for users to create Tables 1 and 2 or calculate a Spearman-Brown or Flanagan-Rulon value given certain data.
Results
As was found by both Cronbach (1951) and Charter (1996) , a large discrepancy between the variance parameters on the two halves of a test results in a substantial decrease in r. A small difference between standard deviations has the opposite effect, which is to be expected. Cronbach noted that when the ratio between the standard deviations of the two halves of a test are .9 to 1.1, the results from either the Spearman-Brown or the Flanagan-Rulon formulas are virtually the same and thus, the former formula should be used.
For example from empirical data, Gordon (1970) used the Musical Aptitude Profile (i.e., n = 190, under normal distribution, and with non-missing data) and estimated the split half reliability via the Spearman-Brown method. These data yielded a range of ratios between variance parameters of .9 to 1.1 (i.e., .949 to 1.141), which produced SpearmanBrown and Flanagan-Rulon values that were nearly identical. That is, there was no discrepancy between the Spearman-Brown formula results and Flanagan-Rulon estimates (i.e., the ratio of Spearman-Brown to FlanaganRulon ranged from 1.000 to 1.005). Thus, in this instance, the Spearman-Brown formula did not over-estimate the population ρ and was the proper choice. Gordon (1970) , where SB was reported only and not r xy. To calculate r xy the inverse of the SB formula was applied, where r xy = (SB r /2) / (1-r SB ).
The current research extended Cronbach (1951) and Charter's (1996) work by creating a detailed table and figures which demonstrated that the range of the ratio between the standard deviations for two halves of a test could not be extended beyond .9 to 1.1. Table 2 shows that the deviation between the results yielded by the Spearman-Brown and Flanagan-Rulon formulas when the variance parameter ratio was .9 to 1.1 had a decrease in r of < 1% and a SpearmanBrown to Flanagan-Rulon ratio range difference < 1%. This was not the case, though, when the variance parameter ratio was .8 to 1.2. The Spearman-Brown to Flanagan-Rulon ratio was ≥ 1% starting at r xy = .70, which generated a ratio = 1.010, and ended at r xy = .05 or a ratio = 1.016. Further, Figures 1 to 3 indicate that the Spearman-Brown formula's over-estimation tendencies become worse as the standard deviations for the two halves of a test become dissimilar and the correlation between the two halves moves into the moderate (i.e., > .30 < .70) and low ranges (i.e., ≤ .30). Thus, in these circumstances, the use of the Flanagan-Rulon formula would provide the user with a more accurate estimation of the population ρ.
For example, in Figure 2 , when the standard deviation ratio is a moderate 1.5 and the correlation between the two halves of a test is also a moderate .600, use of the SpearmanBrown formula yields an r = .750. The Flanagan-Rulon formula produces an r = .713, or a discrepancy of nearly 4% showing a ratio of the Spearman-Brown being 1.052 times higher than the Flanagan-Rulon estimate. Thus, the Flanagan-Rulon formula in this case is the more accurate of the two in terms approximating the population ρ. Looking at Figure 3 , when the standard deviation ratio is a large 1.9 and the correlation between the two halves of a test is a low .300, use of the Spearman-Brown formula yields an r = .462. The Flanagan-Rulon formula produces an r = .397, or an even more prominent discrepancy of 6.5% and a ratio of the Spearman-Brown formula yielding results 1.164 times higher than the Flanagan-Rulon estimation. Application The SPSS syntax found in the Appendix serves as a check on the variance parameter ratio range to determine which split half reliability formula to employ. The user types into the Begin Data section of the syntax the two standard deviation values for two halves of a test followed by the correlation between the two halves. The syntax is run and produces the following values: r xy , SD 1 , SD 2 , the ratio of SD 1 to SD 2 , Spearman-Brown, Flanagan-Rulon, and the ratio of Spearman-Brown to FlanaganRulon. From these results, the user can determine if the ratio between the standard deviations of the two halves of a test are .9 to 1.1, which would also produce a SpearmanBrown to Flanagan-Rulon ratio < 1%, signifying use of the Spearman-Brown (i.e., no overestimation of the population ρ). If the ratio range were beyond this threshold, the SpearmanBrown to Flanagan-Rulon ratio would be ≥ 1%, which would indicate that the Flanagan-Rulon formula would be the more accurate estimator to use. Future research examining the ratio range of the Spearman-Brown and Flanagan-Rulon formulas should include their performance with empirical data under biased distributional situations, with various sample sizes, and under an assortment of missing data conditions.
